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Soil quality, yield stability, and economic 
attributes of alternative crop rotations 
Abstract: Three long-term rotational crop studies in Iowa and one in Wisconsin were examined for 
conclusive evidence of rotational effects on soil quality. Long-term yield data also were evaluated to 
determine if there was a quantifiable relationship between soil quality and yield or yield stability. 
Background 
The benefits of crop rotation have been a long­
time subject of debate. With the advent of low-
cost fertilizers and the short-term economic 
benefits of planting the highest value crop in a 
given year, many farmers have found it in­
creasingly difficult to justify the use of rota­
tions. A complicating factor is that the “rota­
tion effect” of varying the crop grown on a 
piece of land has been difficult if not impos­
sible to quantify. Improved indicators of soil 
quality could provide a method that would 
quantify the rotation effect by measuring long-
term changes in the soil and its ability to buffer 
seasonal fluctuations in crop yield. These data 
could serve as the basis for a soil quality index 
that would help farmers, conservationists, and 
other land resource managers to evaluate soil 
management practices. 
The working hypothesis for this research is 
that diversified crop rotations will create or 
sustain improved soil quality and health, which 
in turn would result in better economic returns 
because of stable crop yields. Specific objec­
tives were to: 
1.	 Determine how long-term crop rotations 
and management practices have affected 
key physical, chemical, and biological in­
dicators of soil quality in northern Corn 
Belt states, 
2.	 Determine how low-input and conven­
tional management practices have affected 
key physical, chemical, and biological in­
dicators of soil quality, 
3.	 Determine how crop rotations have af­
fected yield stability over a period of 25 to 
30 years, 
4.	 Develop a spreadsheet method for com­
puting soil quality indices using the data 
obtained through objectives 1 to 3, and 
5.	 Determine if crop rotation impacts on soil 
quality and soil health can be measured in 
economic terms for Iowa farmers. 
Approach and methods 
Three established long-term “rotation by ni­
trogen rate” research sites were used to test the 
project hypothesis. They are located at the 
ISU research farms in Nashua (established 
1979) and Kanawha (1954), and at the Wis­
consin Agricultural Research Station in 
Lancaster, Wisconsin (1967),. A fourth long-
term rotation study designed to test organic 
versus chemical production techniques (estab­
lished 1977) also was sampled at the Nashua 
location. 
Soil quality is the fitness of a soil to function. 
Soil quality indicators are physical, chemical, 
and biological properties, processes, and char­
acteristics that can be measured to monitor 
changes in the soil. A group of ten indicators 
was chosen to evaluate the long-term effects of 
the cropping sequence and nitrogen applica­
tion rates on the soil quality. 
Soil samples were collected at all locations. A 
total of 925 soil cores were pulled, producing 
185 composite samples. Five penetrometer 
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samples were taken at each sample plot fol­
lowing a methodology similar to that used 
with soil samples. Soil samples were refriger­
ated and processed at the National Soil Tilth 
Laboratory in Ames. Among the items mea­
sured were bulk density, water-stable aggre­
gation, particulate organic matter, microbial 
biomass C, total organic C and N, pH, electri­
cal conductivity, and extractable nutrients. 
Results and discussion 
Quantifying the rotation effects through soil 
quality assessment proved to be very difficult. 
A few of the soil quality indicators showed 
significant differences due to rotation (pen­
etration resistance, percent macro-aggrega-
tion, pH, electrical conductivity, and phospho­
rus), but differences among sites were incon­
sistent. There were not enough significant 
differences to compute any type of meaningful 
soil quality index using either “expert opin­
ion” or a statistical technique known as prin­
ciple component analysis. As anticipated, N 
rate effects on productivity were significant, 
but the purpose for computing those values 
had been to serve as an “endpoint” against 
which anticipated (but unrealized) differences 
in soil quality could be measured. The lack of 
statistically significant soil quality indicator 
differences prevented researchers from estab­
lishing any definitive relationship between 
yield stability and soil quality. 
High variability in the data obtained demon­
strated that great care must be taken to ensure 
that the experimental design includes a suffi­
cient number of samples to detect significant 
differences in the various indicators. The 
study also demonstrated that for meaningful 
soil quality assessment, samples must be ana­
lyzed promptly and may need to be collected 
more than one time to detect subtle differences 
in response to soil management practices. 
Conclusions 
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Very few significant differences were found 
between rotations for the soil quality indica­
tors evaluated. No soil quality indicator was 
consistently sensitive to the rotational effects 
for all sites. In many cases, when differences 
were determined among the rotations, only a 
few of the rotations, pairwise, were signifi­
cantly different. (These differences were not 
correlated to the types of rotations used.) This 
data, therefore, did not provide a strong basis 
to develop a soil quality and sustainability 
index for the rotations. 
Impact of results 
The project offered a thorough documentation 
of how difficult it is to quantify the subtleties 
of crop rotation. It is a challenge to demon­
strate these differences utilizing a single soil 
sampling even after amassing several years of 
information on the possible rotational effects. 
To document these effects, future studies will 
need to plan in advance to ensure that soil 
sampling and analysis will provide the an­
swers that farmers need to make management 
decisions. There is considerable value to main­
taining these long-term rotational studies so 
that future researchers can ask the right ques­
tions to refine public understanding of rota­
tional systems. 
Education and outreach 
Information obtained through this project will 
be used for several technology transfer activi­
ties in which Drs. Karlen and Cambardella 
participate, and for ISU Extension education 
programs developed by Dr. Mallarino. 
No scholarly publications have been written 
about this project. The study results will be For more information
used for part of a doctoral thesis prepared by contact Douglas Karlen,
Eric Hurley, and specific aspects of the project USDA-ARS-NSTL, 
will be presented in articles being written for Ames, Iowa 50011; 
submission to various soils and conservation (515) 294-3336, email 
journals. karlen@nstl.gov 
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